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PREFACE, ■ i 

This little book is offered to those who are 

« 

interested in the care or ownership of steam .^ 

boilers, and to whom the question of the con- 
sumption of fuel is of yital importance. Too '^ 
little is known by the men in charge of the ^ 
steam plant regarding the constituent ele- 
ments of the fuels that they are using, and 
the meaning of the dense volumes of smoke 
that issue from almost eyery chimney in 
the country. Smoke is nothing but smoke 
to very many and seems to be considered 
an indispensable accompaniment to the 
burning of fuels of every kind. 

An attempt has been made to simplify 
the grades into which ordinary fuel has 
been divided and to show how it can best 
be employed in the production of steam. 
There is also added a description of a means 
of testing the products of combustion and 
thus learning whether the best results 
have been obtained. 



4 PREFACE. 

While the book is only one of a series 
that will be issued on the general subject of 
the testing of the steam engine and the 
means employed to determine its efficiency, 
it will be found to be complete in itself and 
to contain, it is believed, much data that is 
new and valuable to the man in charge of 
the steam plant. G. L. F. 

New York, Dec. 6, 1886. 



FUELS, EYAPORATIOH AMD COHBUSTIOM. 



I. FUEIiS. — OAIjOBIFIO FOWEB. 

The sun, which is the source of all vege- 
tation, has at some time had shut up within 
itself all that heat which is now made avail- 
able in the several fuels. 

All those bodies are called fuels which 
are capable of combining with ihe oxygen 
of the air. Such a combination is combus- 
tion, and restores the heat and light that 
had originally been taken from the sun. 

Commercial fuels are supposed to contain 
when dry: 1. A certain amount of oxygen 
and hydrogen combined in the proportion 
of eight to one, forming the constituents of 
water and faroishing no heat. 2. A certain 
amount of inert substances which also give 
out no heat, as azote, the mineral matters 
composing the cinders, and frequently iron 
pyrites or sulphate of iron, which may be 
disregarded because of the feeble calorific 
power of sulphur. 3. Finally, free carbon 
and hydrogen, which are the elements of 
combustion in the production of heat. We 
will now review this ccmbustion. 



6 rUBLS, BYAPOBATION 

In judging of the quality of a^ fuel, we 
must look to its resulting heating power, 
its density, its cohesion, its behavior upon 
the grate, the readiness with which it 
bums, and, finally, the nature of the re- 
sultant cinders. 

Those which are argiloferous or of a 
clayey nature, containing iron, produce by 
their fusion a kind of iron dross which 
clogs and buros the grates, while those 
which are of an earthy nature fall through 
without obstructing the passage of the air. 
The calorific or heating power (P) of a 
fuel is then the number of calorics or heat 
units which a pound will disengage in the 
course of its combustion. According to 
DuloDg it is equal to the sum of the calorific 
powers of its elements, namely, free carbon 
and hydrogen. 

According to Fabre and Silberman the 
calorific power <»f carbon, which is repre- 
sented by 0, is 14,580; that of hydrogen, 
H, is 62,150. (By this the reader should 
bear in mind that this calorific power rep- 
resents the number of heat units in one 
pound of carbon or hydrogen. A heat unit 
is the amount of heat required to elevate 
the temperature of one pound of distilled 
water one degree Fahr. from 39° to 40°. 
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The water is taken at this point beoatuse it 
has there its greatest density. So that for 
the case in hand we learn that one ponnd c f 
carbon, when completely consumed, wonl«l 
raise 14,580 pounds of water one degree 
Fahr. — Trans.) In analyses of fuels oxy- 
gen is frequently confounded with azote, 
the latter being of little importance. Oxy- 
gen (O) being combined with hydrogen (H) 
in the proportion of eight to one 1x> form 
water, the proportion of the free 1 ydrogen 
in the fuel would be H — (0-^8), or the 
total weight of the hydrogen in the fuel 
less one-eighth the weight of the oxygen, 
this one-eighth being united with the oxy- 
gen. 

Dalong's formula for the pure fuel is 
P = X 14,850 + (H - (O -^ 8) or) 62,150 

(The meaning of this is that C, H and O 
represent the percentage of carbon, hydro- 
gen and oxygen in the fuel. An example 
will be given later. — TVana.) 

This law is not exactly correct for fuels 
possessing a high percentage of hydrogen, 
but such should be tested by means of a 
calorimeter. If a is put equal to the per- 
centage of water, and 6 to that of cinders, 
the true calorific power may be expressed 
as: P =P (l-a-6). That is, supposing 
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that: 1. The steam formed during combus- 
tion is condensed and then cooled to 32° 
Fahr., so that it gives np all the heat ab- 
sorbed in its evaporation. 2. That all the 
other residues are also cooled to 32^ But 
it must not be understood that this state of 
affairs obtains with boilers; the steam passes 
out into the chimney and carries with it 
1146.6 units of heat for each pound of 
steam when the temperature is considered 
to be 212"^ Fahr., to which must be added 
the heat corresponding to ihe excess of 212^ 
existing in the temperature t of the gases 
in the chimney or {t— 212.) 

(For example, suppose a pound of steam 
is carried off among the gases having a tem- 
perature of 240°, then 1146.6 units are lost 
for the first 212° and .3 X (240 - 212) = 
3 X 28 = 8.4 units additional or 1146.6 + 
8.4 = 1155 in all, the .3 being a fixed coef- 
ficient. — Trans. ) 

If h is the weight of hydrogen contained 
in one pound of fuel, its combustion yields 

9 A of water for 8 h (of oxygen) is united to 
h, and the total amount of water evapo- 
rated is a plus 9 A, or the original water 
contained in the fuel and that formed by 

he combustion of the hydrogen. 
It becomes necessary, then, to deduct 
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from the tme calorific power (P') of the 
f ael the heat which remains in the cinders 
and ashes; but this loss as well as that dne 
to the ^temperature (Q of the escaping 
gases, is among the other caufc;es of loss in 
the fire-boxes, and can be determined, as 
we shall see, by multiplying the abbolute 
calorific power by a coefiScient upon the 
basis of a reduction to a temperature of 32° 
of the condensed water. We take then: 

The true calorific power P' = theoretical 
calorific *power P (1 — a — b) — 1146.6 (a 
plus 9 A.) 

Commercial fuels may be divided into 
five classes: 

Wood, charcoal, barks . 

Peat, peat charcoal. 

Lignite. 

Bituminous coal, coke. 

Anthracite coal. 

To ttiese solid fuels we may add: Gkis, 
oil, tar, petroleum. 

WOOD. 

Woods may be distinguished as hard and 
soft, or green and dry. 

According to Brisson, the average spe- 
cific gravities of different woods may be 
written as follows : 
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Heart of dry oak 1.17 

Beech and ash 84 to .85 

Alder ** apple 79 " .80 

Maple ** cherry .75 

Elm ** walnut .67 

Pear .66 

Willow .58 

Fir (male) .55 

" (female) .49 

Poplar .38 

Cork 24 

Wood always contains more or less of 
water, and can only be used after having 
been partially dried either in the air or in 
a dry house at a high temperature. Wood 
should be cut during the winter. It then 
contains from 40 to 45 per cent, of water ; 
after 6 months it will have 26 per cent. ; 
after a year 20 per cent., and after 18 
months about 17 per cent.; after which 
time wood that is merely exposed to the 
air will lose no more water; but when 
wood has been previously dried and is 
afterwards exposed to the air it will gradu- 
ally re-absorb from 14 to 16 per cent, of 
water. 

Wood that has been dried at a tempera- 
ture of 285**, contains 50 per cent, carbon; 
1 per cent, free hydrogen ; 46 per cent, of 
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oxygen and hydrogen in the proportions 
necessary to form water ; 1 per cent, azote 
and 2 per cent, cinders. 

According to the law of Dulongwe have : 
P=: .5 X 14,580 X .01+ 62,150 = 7,911.5. 

This remodeled according to our direc. 
tions gives P' = 7,911.5 — 1,009. (.46 + 
.09) = 7,356.5 caloric units. (This 1,009= 
l,U6.6x.88. The .88 being 100 less the 
percentage of ashes and hyrogen. 1,146.6 
is the number of calorics required to evapo- 
rate one pound of water from 32° Fahr. — 
Trans,) 

The following table contains the weight 
and calorific power of one cubic foot of 
wood heated to 285°, according to Ohe- 
yandier. 

That of one pound of wood varies from 
7,660 units of heat to 7,920; average about 
7,911, as given above. 

Hard wood bums upon the surface, fur- 
nishing abundant carbon, while soft wood 
cracks open under the influence of the fire 
and bums rapidly down to the center, 
sending forth flames until the end of the 
combustion. 

The more wood is cut up the more rapid 
is the combustion, and the greater the use- 
ful effect, because the air is more effectu- 
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ally ntilized ; but this cuttiogup is a source 
of expense. 



I'S^ 



Kind op Wood. 



Oak from old truks' 23.65 

Beech ,23.65 

Elm— (yoke) 23.03 

Oak— (small trunks), '22.28 

Birch 21.05 

Alder 18.24 

Plr ,17.25 

Pine |15.44 



11.70 

11.46 

11.13 

11.08 

10.71 

9.26 

8.78 

8.19 



S fBeech ,18.92, 9. 

Z Fir 17.86' 8. 

g Pine 17.49 8.89 



2|Elm-(yoke) ;18.55 8.95 

■5 I Birch 17.74 847 

£ Loak— (both kinds)... 1 17.25 8.51 



pji-r reia 
cub.ftL Uve 

• 1.1 /J5 

- , ■..,,-,^ llJlfi 

;* nXbiWi 0.9?i9 
, ]4'^.^fll 0.703 



le-" 
.le 

.IS 

.u - 

.2ST 

,ir.£K-. 

i4s;.i ia:i,23ijo.7o6 

•lo. 150, niij 0.70 

.If.- 1. USaa"! 0.77T^ 

.IJ.J^ M6.M0'7B^ 

.IHm; Mii,:»7fl 0.740 

.1-^4 I3li,^3 O.T'^ 



Wood charcoal is obtained by carboniza- 
tion in furnaces in the forests. Calcination 
begins at 302° Fahr., and the product va- 
ries with the temperature. "When subject- 
ed to 
From 302° to 518°, the production = 30 to 

37 per cent, in the form of firebrands. 
From 536° to 626° production = 32 to 36 

per cent, as brown coal. 
From 644° to 752°, production = 18 to 31 

per cent, as black coal. 
From 752° to 2,750, production = 17 to 18 

per cent, as hard and black coal. 

The production in weight, which is really 
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the only thing that should be considered, 
varies from 18 to 20 per cent, of the origi- 
nal weight. 

The weight per cubic foot varies accord- 
ing to the nature of the case. 

At the center. 

For oak and beech 14.94 to 15.55 lbs 

« birch 13. 7 ** 1439 " 

" pine 11.45 " 13.07 " 

According to Ebelmen the average com- 
position of charcoal that has been deprived 
of water is : 

Carbon 875 parts 

Hydrogen 030 " 

Oxygen and agate 075 '* 

Ashes 020 ** 

1000 " 
The free hydrogen amounts to about 2 
per cent., and the heat units are P =r 
.875 X 14,580 x .02 x 62,150 = 14,000.5, 
which, for a pure fuel, would be : 
14,000.5 

= 14,286.22 

.98 
For a charcoal containing .06 of water 
and .04 of ashes, we should have .09 of car- 
bon anp the formula would become : 

F =^14,286.21 X .9 - 1,009 (.06 + -9) 
.02 = 12,888.95. 
The relative values of the different char* 
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coals are in proportion to the weights of 
the same volumes or their specific gravities. 

Bark, Tanhark and Sawdust — These 
fuels are very finely divided and generally 
damp. Theoretically they have the same 
heating capacity as the wood from which 
they are obtained. Tanbark, after its pas- 
sage from the press to the cylinder, con- 
tains aboct 4.8 per cent of water, 8 to 12 
per cent of ashes, and weighs 20| lbs. per 
cubic foot. Its true heating capacity, de- 
duced from dry wood with 2 per cent of 
ashes, will be 

F = 7.911.5 (1 - .48 - .1) — 1.009 X 
.48 = 8,838.51. 

Admitting that ^0 per cent can be util- 
ized, we would have 2,838.51 x .50 = 
1,135.4, and 1,354 -f- 1,009, the total unita 
of heat absorbed = 1.12 lbs of steam per 
lb of fuel. 

NoweBctual tests have given 0.82 lbs. of 
steam per lb. of tanbark, and 0.90 lbs. per 
lb of sawdust. 

These fuels bum better if mixed with 
bituminous coal. Their pcx)r utilization 
results from a part of the fuel being carried 
off into the flues. . 

FEAT. 

Feat (mossy, leafy or from embers) re- 
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suits from actual vegetable deoomposition. 
This is very apparent in the upper layers, 
while for the lower layers which are denser 
and blacker, these vegetable formations 
are no longer distinguishable. 

Peats dried in the open air contain, ac- 
cording to the localities, from 20 to 30 per 
cent, of water, and from 10 to 25 per cent, 
of ashes. The weight of a cubic foot 
weighs from 14 lbs. to 19 lbs. The fuel is 
light, cumbrous and spongy ; it bums 
poorly with a smoke of a strong and dis- 
agreeable odor. After grinding and wash- 
ing it is pressed into briquettes. 

Peat is improved by drying up to a tem- 
perature of 212°, (or below that which 
causes its decomposition] but it is neces- 
sary to use it where it is dried, if not it will 
re-absorb the dampness. 

The analyses of Begnault and Marsilly 
show that dry and pure peat contains on 
an average : 

Carbon. 57 

Hydrogen 06 

Oxygen and azote 37 

iToo 

.37 

The free hydrogen gives .06 = .0137 

8 
The heat units are theoretically F = 
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0.57 X 14580. +.0137 X 62150. = 9126.05. 

And the real capacity P' = 9126.06 — 
1,009. (9 X 0.06) = 8,582.19. 

For a peat containing 8 per cent of ashes 

and 25 per cent of water the capacity would 

be, F = 8,582.19 x .67 — 1,009 X .25 = 

5497.81 (.67 = 1.00 — .08 (% of ashes) — 

25 (% of water) Trans.) 

Peat charcoal is obtained by carboniza- 
tion of the peat in furnaces, in mason-work 
pits or kilns, or in sheet iron crucibles. 

The product contains from 40 to 46 per 
cent, of carbon, and from 15 to 20 per cent, 
of ashes. 

The gas resulting from the combustion of 
this charcoal preserves the strong and disa- 
greeable odors of the peat. 

The Essone charcoals with 18 per cent of 
ashes have a calorific power of .82 x 
14,580 = 12,155.6 for the fuel itself when 
deprived of water. 

FOSSDJIZBD FUELS. — ^LiaNITES. 

These fuels mark a transition state be- 
tween the peats and the coals. They are 
sometimes brown with a ligneous texture, 
or of an earthy appearance, sometimes 
black with a h'gneous texture, orhomogene- 
ouS| giving a resinous fracture. These 
last, jet for instance, are analogous to coal* 
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Begnaolt distinguishes imperfect lignites 
or fossilized wood in the process of trans- 
formation into lignite; perfect lignites; 
and the lignites or bituminous woods in 
process of transformation into bitnminons 
coals. They are characterized by the pro- 
portions of the oxygen to hydrogen, and 
the fixed carbon or coke which they con- 
tain. 

The calorific power (P) of the pure fuel 
has deen directly determined by Messrs. 
Scheurer-Kestner and Meunier. 



FueL 


coke 

per ct. 




H 
6 to 6 
1 to 2 


H 

4 
4 
6 


P 


PI 


Imperfect llfirnlte 

Perfect «• 

Bituminous " 


76 
65 to 70 

85 to 4a 


9626 
18780 
14040 


9100 
10010 
11420 



With .08 of water and .10 cinders, for the 
three varieties we obtain the true caloric 
value Pj. 

For instance for perfect lignite we have 
Pj =12,780 X .82 — 1009 (.08 + 9 X .04) 
= 12,414. 

COAIiS. 

Their color is black, their appearance 
schistous or compact. They comprise a 
great number of varieties. Kegnault and 
(hnmer divide them into five classes. 
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Ck>al, dry, producing a long fiame. 
" oily, producing a long flame (suit- 
able for making gas.) 

** oily (blacksmith coal.) 
*^ oily, producing a short flame (suit- 
able for coking. 

Coal, hard or anthracite, or dry, with a 
short flame. . 

Dry coals, producing a long flame :— 

Sandkohle (German), Splint coal (Eng- 
lish). These give 60 per cent, of a coke 
slightly calcined, in pieces that possess lit- 
tle adherence; the flame is long but of short 
duration. These coals are used upon a 
grate and under boilers but have lower 
heating properties than those that follow. 
A cubic foot weighs 57 lbs. They are rare- 
ly found in France; those that most nearly 
approach them are those of Saint-Eloi and 
those of the upper beds of Blanzy and 
Montceau. 

Oily coals with a long flame* Cherry 
coal (English). These agglutinate in the 
flre without caking. They are fine coals for 
the grate and for gas making. The I'lenuoi 
Mons and the cannel coal of England are 
the finest samples of this kind of coal 
They are more abundant in France than 
those that have been just mentioned and 
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form the upper beds of the Pas-de-Calais, 
of the Loire, of Oommentry and Blanzy. 

Oily blacksmith coals. Coking coal, 
(English), Backkohle, (German). These 
have an oily appearance and are of a beau 
tiful black; they are not very hard and 
have a structure that is more or less leafy 
or laminated; in the fire, they yield to a 
more or less putty-like fusion and produce 
a light, swoollen coke that is of little use 
in metallurgical processes. There area few 
grades that give a good coke. Upon the 
grate they cake, intercept the air and bum 
the bars, but give a great deal of heat. 
They abound in France in the basin of 
Saint-Etienne, of the North and of the 
Pas-de-Calais. A cubic foot weighs from 
57 to 65 lbs. 

Oily coals producing a short flame, — 
These are less liable to cake than those 
that have just been mentioned, give a good 
coke and are preferably used in metallurgi- 
cal processes. In Belgium they are called 
lasting because they last well in the fire; 
in reality they are friable. They are found 
in France at Creuzot, at Saint-Etienne, 
Brassac, Huy, in Gard and the North. 

Delautel made some tests of this kind of 
ooal at Brest. 
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The calorific power of the English coal 
from Cardiff being considered as 1, he 
found for the 

Oily coal of Anzin 1.05 to 1.01 

Ooalsfrom Eoche-la-Moliere .95 to .94 

Coals, (ordinary), from the Loire .90 

«' from Newcastle .84 

" " Blanzy (Montceau) .78 

" (dry) with long flame " .74 

Hard or anthracite coals with a short 

flame, — These are black, striated, offer a 

dnll fracture, have slight cohesive qualities, 

bum with some difficulty, produce no 

smoke and often crackle while burning. 

Their coke is in the form of a powder 

They are rare in France, and are not 

burned upon the grate there. A cubic foot 

weighs 69 lbs. 

Average weight of a few coals: 



ones of Labarth 


56 lbs. 


<« Auvergne, Blanzy 


55 lbs. 


«* Oombelle 


54 lbs 


** Lataupe 


53i lbs. 


•* Saint-Etienne 


53 lbs. 


" Decize 


52 lbs. 


" Mons 


80 lbs. 


*• Oreuzot 


49 lbs. 



The calorific power of coal has been 
measured by several experimenters. In 
table A we give the averages: 1st, of the 
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elementary compositdon : 2nd, of the yield 
of coke, which characterizes the five types 
of coal that are supposed to be pure; 3rd, 
ofthe theoretical calorific power (P); and 
4th, of the amount of water that can be 
evaporated at 248° taken at 32° Fahr. 

For coal containing 2° of water, 10° of 
cinders, the proportion of hydrogen will 
be reduced to .88x«05 and 
F = 15,570 X .88-1,009 (.02+9 x .044) 
= 13,298. 

Tabue A.—Q'ivino the average of five kinds of coal. 



KlndBOt 
^ Codl 



Compo9itioa, | gi ^ c ? 1 1 5* 

G H o HI r ^ : •? 



Dry, wltH 
long flacae . 

our, with 
tdog flame 



Coke, 



r& \ 6.5 ii&.G ihum 
to to to I J to 



4.5 15,5 I a|i5a^» 

to to ' - to to 
5 llO I 2ll55i}0 S.3 



Nature^ 



to! and 
flu| powdery, 

^!- 

tiu Heavy 
to and 
porous. 
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It is iii this way that we have oalonlated 
the calorific power (P) of table (0). 

We learn the yalue of a coal by makiog 
a direct analysis. After a drying which 
gives the hydrometrio proportion of water, 
we distil] the remainder in a close vessel in 
order to determine the nature and quan- 
tity of the coke; then by burning the resi- 
due left i rom the distillation the proportion 
of cinders is determined. 

This drying is carried up to about 230 de- 
grees by putting from 60 or 75 grains of the 
material in a test tube. The incineration is 
effected upon about 50 grains of material, 
confined in porcelain capsules placed in a 
muffle or oven that has previously been 
heated to a white heat in order to avoid the 
formation of coke, which hinders the opera- 
tion. 

Several capsules are operated upon at the 
same time, an average taken of the result. 
The i Qcineration occupies two hours with 
coal and four with coke. The direct evap- 
orative tests made by Messrs. Scheurer- 
Eestner and Brix, given in resume in 
the following table, agree with the data 
of the preceding. In reckoning 1146.6 calf 
orics per pound of water at 212^ Fahr., we 
have deduced the co-efficient for each type 
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of cDal (K) that may be considered pure. 
We can then adopt .6 as the average. 



Table B.— Evaporative Remits. 



Etnd of Coal. 



I 

Percentage. , Water Evaporar 
ted from 32'» to 
212«>perlb.coal. 



iW'ter Ash 



Merch. Pure 



l8t— Dry, with 

long flame. 
Gerhardt Mine 

(Saarbruck) 
Leopold (Upper 
Silesia) 
Loulsenthal 

(Saarbruck) 
Montceau (Sa- 
one and Loire) 
2d— 0%i with 

lona flame. 
Frledrlcbstbal 

(Saarbruck) 
Attenwald 
^d^Mer chant. 
Roncbamp 
Le President 

(Saarbruck) 



5.10 6.84 6.86 

: I 

4.10 I 5.1 I 6.1 

3.57 ' 12.29| 6.06 

4.97 1 10,28 6.2 



6.31 
6.95 



1. 

2.54 


12.7 
18.5 


1.09 


16.19 


1.4 


2.28 



7.62 
8.11 



7.78 
6.72 
7.29 

7.41 



7.78 
8.27 



9.16 

8.47 



I* 



Coal containing the carburets of hydro- 
gen bums spontaneously when it is in large 
pieces, especially if it is at all damp or pyrit- 
ous; and it is necessary in this case to keep 
the currents of air from the mass. If they 
are too pyritous in nature, they may be 
preserved or kept in basins full of water. 
Ck)al8 that are used in making gas change 
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' rapidly in the air; their loss in gas reaohee 
about 30 percent a month when exposed to 
the air. In practice the ashes reach 
a proportion greater than that which is 
given by chemical analysis; it reaches six 
to ten per cent for moderate size pieces, 
and varies from ten to twenty in current 
practice as coals run, and according to the 
care which the fireman takes in using them, 
and their nature. Goals are classified as 
large, intermediate, and fine coal; as they 
run it is a mixture of these three classes. 

Briquettes, — Fine pieces of oily coal are 
agglomerated by heat; or small, oily or dry 
pieces are agglomerated with tar and c ay. 
The calorific power of this material when 
thus dried, is deduced from that of the coal 
of which it is composed, taking it for granted 
that the matter is pure, aod modified, of 
course, by the amount of water and ashes 
which it contains. 

Coke, — This is the result of the distilla- 
tion of the coal; it contains from 4 to 15 per 
cent, of ashes, or more, according as it it 
made from large or fine pieces, and ac- 
cording to the amount which is contained 
in the coal from which it is produced. It 
conlains^also from 2 to 10 per cent, of water. 
This fine coal, if it has been previously 
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washed, gives a pnre ooke, and at a price 
higher than that which is made from the 
same grade of coal, but which has not been 
washed. Table A gives the average natare 
of coke for different coals. A cubic foot 
weighs from 43 to 48 lbs. , and the gas about 
15 lbs. The calorific power of the coke has 
not jet been exactly determined, but it may 
be deduced from the carbon which it con- 
tains by this formula: 

P = 14,580 (1-a— 6). 

According to the analysis of M. de Mar- 
silly, dry coke contains on the average 4 per 
cent, hydrogen and 6 per cent, of ashes. 
For a ooke containing 2 per cent of water 
and 10 per cent of ashes the proportion of 
by rogen is reduced to .035. 

F = 14,580 X 0.088— 1009 (0.02 + 9 x 
.035) =12,512. 

ANTHBAOITE. 

This is the most brUliant of the coals; 
does not soil the fingers, and burns only 
at a high temperature. In America, and 
in Gkdle, wheie it is abundant and of good 
quality, it is employed in blast furnaces 
and for heating boilers. The anthracite 
coals of France are not very abundant, they 
crackle in the fire, and are useless for the 
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purposes to whioh they are put in other 
countries. They contain on the average 
about 4 per cent, of water and i per cent, 
of ash. 

The calorific power of the pure fuel is 
from 14,760 to 15,840. A cubic foot weighs 
112 lbs. 



Tablb C. 



Nature of 
the fuel. 



Wood, dried 
to2S2° 
Ordinary 

wood 
Ordinary 

tanbark 
Peat 
Lignite 
(iperfect) 

Dry, with 

long flame 
Oily, with 

long flame 
Merchant 
oily (short 

flame) 
Anthraclt- 

OUS7I-.4 
Anthracite 
Wood char- 
coal 
Coke (good 
quality) 



Wtr. 
prct 


Ash Calorlflc 
Iprct Power 

P 1 P' 


Vol Vol 
Of 1 at 
gas 572P 


Weight 

steam 

at 90 ID. 

from 

practl'e 




2 7290 


10. 21. j 8.75 


80 


2 , 4770 


8.3 17.4| 2.5 


48 
25 


12 1 ; 2538 
, 8 1 9135; 6454 


7.15 15. .9 
8.8 18.5 2.8 


8 


10 1278011110.8 


11.023. 


6.12 



4 


8 


2 


10 


2 


10 


2 


10 


2 


10 


2 


4 


6 


4 



1485012600 14 29 4 



I' 



15570 18820^ 
16290. 18860 1 

17010 1 14608 

16470114040 
17582 1 16966 

12600i 12600 

112488 



16 , 34 



16.6 
17.6 



87 
33.6 
86 



6.5 

S.85 

7.1 

7.84 

7.2 
7.8 

6. 

6.4 



The tables (0) give a resume of the theo- 
retical calorific power P of pure fuels, and 
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of the actual calorific power of the fuel P', 
the deduction haviug been made from the 
latent heat of the water evaporated. In 
making an application of the average co- 
efficient 6 — 10 (excepting in cases of ^an- 
bark, where the co-efficient is only 4 — 10) 
we obtain for the production of steam un- 
der the pressure of 90 lbs. to the square 
inch, about 1, 179 calorics, which are taken 
from the figures given in the last column. 
For oily coal with a long flame we have 
13,320 X 0.6 

= 6.86 lbs. 

1,179 
These weights of water evaporated, to 
which we will return, are those which we 
accept in the ordinary usage from a boiler 
that is well built and set up, with an ex- 
ternal firebox. 

UQUID FUELS. 

These fuels comprise petroleum and coal 
oils, they are rarely employed in the pro- 
duction of steam under ordinary circum- 
stances, but we will give their calorific 
power from the scientific standpoint, as de- 
termined by M. Sainte-Claire Deville. 

Density. Calo.Power. 
Virginia and Pa. oils .81 to .88 18,360 
Heavy oils (Paris gas) 1.044 16,020 
Oils from the schists of 

Autun and Pins 1.044 18,144 
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6ASBOI7S FUBIiS. 

In foundries and blast furnaces the solid 
fuels are transformed into gaseous fuels 
under the influenoe of the air. In other 
oases these gases are obtained at the same 
time as the liquid fuels; that is, by the dis 
tillation of the fuel in closed vessels as in 
the case of illuminating gases. These gases 
are afterwards burned with a current of air 
in furnaces that are especially designed for 
them. 

This mode of heating is only applied to 
the production of steam in the metallurgical 
works, as blast furnaces, etc. If it offers a 
better utilization of heat, it can only be 
used for continuous and regular work; it is 
therefore very inconvenient compared with 
the use of fuel upon grates, which allows 
the fire to be quickly banked in the evening, 
and to be started again in the morning. It 
is then only from a purely scientific stand- 
point that we give the calorific power of 
these gases. 

Gas from a Lundin oven from wood saw- 
dust containing 60 per cent, of water (Bin- 
mann), 1823, calorific power; gas from peat 
having 18 per cent, water (Ebelmen), 1292: 
Siemens furnace from .75 oily coal, (Eraus), 
1818; (Siemens) .25 dry coal, (Eraus), 1818; 
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blast famaoe with wood oharooal, (Ebel- 
men — Bunsen), 1377; blast furnaces with 
ooke, 1240; blast furnaces with crude oil, 
2115; illuminating gas, water condensed, 
20,322; illuminating gas density at 32 deg. 
=.62, water not condensed, 18,486. 

TOIiTTMB OF AIB NSOESSABT FOB OOMBUBTION. 

Ohemistry teaches us thiEit one cubic foot 
of air contains 79 per cent of nitrogen and 
21 per cent of oxygen. The density of 
oxygen is 1.43, and that of air is 1.293 at 
32^ Fahr., and under a pressure of 10 lbs. 
per sq. inch. Therefore 

1 

1 lb. of oxygen requires = 3.33 

.92 X 1.43 
lbs. of air. 

Carbonic acid containing 72.73 parts of 
oxygen and 27.27 parts of carbon requires 
72.73 

= 2.667 lbs. of oxygen 

27.27 
or 2.667 X 3.33 = 8.88 lbs. of air at32°rahr. 
Water being composed of 88.9 parts of 
oxygen and 11.1 of hydrogen shows that t 
bum one pound of^ hydrogen requires 
88.9 

= 8 lbs. of oxygen 

11.1 
or 8 X 3.33 = 26.64 lbs. of air at 32° Fahr 
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Knowing the quantity of caxbon (G) and of 
free hydrogen (H) contained in one ponnd 
of the fael, we can deduce the amount of 
air (Y) necessary for its combustion. 
We have V = x 88.8 + 26.64 (H - f ) 
JSxample. For one pound of wood hav- 
ing 30 per cent of water and containing: 
Carbon 0.35 

Hydrogen 0.042 

Oxygen and nitrogen 0.294 
Water 0.3 

Ashes 0.014 

0.294 

the free hydrogen is 0.042 = 0.006. 

8 
0.294 

(This is taken because a portion of 

8 
the hydrogen goes to unite with the oxy- 
gen and therefore lessens the amount of 
air required by the hydrogen available for 
combustion. Trans.) 

The volume of air required to bum this 
pound of wood will be 0.35 x 8.88 + .005 
X 26.64 = 3.24 lbs.>pf air. 

For a dry coal containing 12 per cent of 
ashes and water or 0.88 of the pure fuel, we 
deduce front table (A) the average compo- 
sition: 
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Carbon 0.776 X 0.88 = 0.682 ] 
Hydrogen 0.05 X 0.88= 0.044 I . x^ 
Oxygen 0.175 X 0.88 = 0.154 f ^ """ 
Water and ashes .12 J 

The free hydrogen will therefore be 
0.154 

0.044 = 0.025 

8 
and the yolume of air 
0.682 X 8.88 + 0.025 X 26.64 = 6.72 lbs. 

In practice the volume of air required is 
from two to three times as great as that 
which we have specified; first, because the 
combustion is not perfect; second, because 
of the necessity of frequently opening the 
fire-box door. 

According to Messrs. Scheurer-Eestner 
and Meunier, the maximum result from a 
fuel burned under steam boiler, is obtained 
when the excess of air reaches about thirty- 
three per cent. After combustion the vo- 
ume of the gas is the same as that of the 
air, since the carbonic acid has the same 
volume as the oxygen which formed it, but 
it is increased by the volume of steam 
formed by the water resulting from the 
combustion of the hydrogen. The volume 
of this steam or vapor is about six per cent, 
for wood and peat in a dry condition, and 
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abont eight per cent, for the same, damp, 
and f onr per cent, for ooal. 

Table (0) contains the volnmes of this gas 
(Y) which is double the theoretical Yolnme 
pins that of the vapor. Thus for the di-y 
coal we have 

V=2 X 6.72+0.4=13.84 lbs. 

The volume of air in the table (G) is ap^ 
plied to furnaces having a free draft, and it 
is generally admitted that in case when the 
draft is forced either by an injector, venti« 
later or by a steam blower in the 'smoke 
stack, the volume of air that will be neces- 
sary (W) is from 6 to 7% of V, as we have 
already specified. Finally the total vol- 
ume of gas Y expanded to the temperature 
t of the chimney will give the volume V 
which ought to pass thus: 

V =V (1+0.00367 
for t = 300° is V = V X 1.55 
fort = 570° is V = V X 2.1 

COMBUSTION AND FIBEBOXES. 

We have seen that the carbon and hydro- 
gen are the elements of combustion by 
means of which heat is obtained. Oarbon 
is fixed (coke, and wood charcoal) or con- 
tained in the volatile hydrocarbons. Coke 
and wood charcoal constitute the solid 
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fuels that barn only upon the surface and 
are therefore luminous. The fuels con- 
taining the hydrocarbons are decomposed 
by heat and the combustible gases which 
are set free produce a flame which is only 
luminous upon that portion of its surface 
which is in contact with the air. 

In dividing the fuels and the flame, we 
increased the surface of contact with air, 
so that the combustion is more rapid and 
more complete. The heat produced by 
the combustion of a body is dissipa- 
ted; first, by the current which is generated 
about the body, and second, by radia- 
tion. 

This power of radiation when consider- 
ed in proportion to the total calorific pow- 
er, is according to Peclet about twenty- 
five per cent for fuels that are burning with 
a flame and fifty- per cent for glowing 
coals. 

The following table gives the weight of 
oxygen and air necessary to burn 1 lb. of 
hydrogen or 1 lb. of carbon according as the 
latter is transformed into carbonic oxide 
(CO) or into carbonic acid (C0»), also the 
amount of heat set free, in which case re- 
ference is made to the first part of this 
section. 
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lib. Of fuel. 


Tneoretlcal 
Oxygen. 


Requirements. 
Air. 


Heat 
Produced 


Hydrogen.... 

Carbon 
transf'med 
into (CO.. 

tcoj 

Difference... 


8 lbs. 1 86.64 lbs. 

1 
1.333 4.44 
8.666 8.88 


62,028. 

4,451.4 
14,680. 

10,128.6 

heat 

units. 



At the commenoement of oombustion 1 
lb. of carbon (0) anites with 2.666 lbs. of 
oxygen and forms 3.666 lbs. of oarbonio 
aoid (00^), setting free 14,580 heat units. 
The Yolnme of carbonic acid is the same as 
that of the air from which it was formed, 
but its density is greater; the combustion is 
then complete, but if the air is wanting in 
quantity, the 3.666 lbs. of carbonic acid 
(00*) absorbs 1 lb. of carbon, forming 4, 666 
lbs. of carbonic oxide (CO). The heat set 
free by these 2 lbs. of carbon and trans- 
formed into carbonic acid is 

2 X 4451.4=8902.8. 
The loss resulting from the absorption of 
these 2 lbs. of carbon is then 

14,580-8902.8=5677.2 heat units. 

If now we furnish these 4.666 lbs. of o r- 
bonio oxide (CO) the oxygen which is ne- 
cessary to complete this oombustion, or 
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2.666 lbs., it will burn with a blue flame, 
and we shall have 7.333 carbonic acid (CO*) ; 
the heat set free will be 

2 X 10.128.6 = 20,257.2, 
which added to the heat (CO) 8902.8 gives 
exactly 2 X 14,580=29,160 heat units. That 
is to say, the heat resulting from the com- 
plete combustion of 2 lbs. of carbon. 

COMBUSTION OP THE H3n>BO0ABBONS. 

These gases, mixed with a sufficient quan- 
tity of air, burn with a blue flame, produc- 
ing carbonic acid (0O») and water like il- 
luminating gas. For instance, if they are 
raised to a high temperature before they are* 
mixed with air sufficient to effect their com- 
bustion, they are decomposed in their turn; 
the hydrogen bums first, and a part of the 
carbon is set free; this carbon then burns in 
its turn if it is in the presence of oxygen, 
and if the temperature of the mixture is 
sufficiently high. On the other hand, the 
combustion is incomplete and the carbon is 
set free, being held in suspension in the gas 
where it forms smoke* which, if it is cooled, 
is deposited in the shape of soot. 

SMOKE ONCE FOBMED, CANNOT BE BUBNED. 

It is necessary then in order to avoid its 

. production, to mix in the combustible gases 

a sufficient quantity of air at a high tempera- 
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tore in order that the oombuBtion may be 
complete. This rule, simple as it is, has 
not yet been realized in practice, at least in 
the case of ordinary furnaces. In the gas 
works, to be sore, they have a kind of 
smoke consumer, but, as we have already 
stated, an apparatus like this is not usually 
adaptable to the regular and continuous use 
of ordinary practice. 

It will be seen in a future number that 
the. fire-box as arranged by Tenbrink, has 
given good results. 

(For a description and cuts of this boiler, 
we refer the reader to theforthcomiog mat- 
ter on steam boilers by the same author. 
Trans.) 

manipuijAtion of thb fibb. 

We will only speak of the coal as the fuel 
in this connection. 

We know that the gases resulting from 
combustion and the afAuent air ought to be 
raised to, and maintained at a very high 
temperatuie, in order to obtain complete 
combustion. The turning back of the flames 
upon the bed or brickwork produces this 
mixture of gases, and gives us a combustion 
which is preferable to that which takes 
place when the gases rise vertically from 
the grate. This combustion should be com- 
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pleted in an open space or chamber called 
the combustion chamber, which may be a 
portion of the furnace space or connected 
with it. It is necessary then to avoid hay- 
ing the flames impinge directly upon the 
tubes where they are cooled, holding them 
there before fcheir combustion is completed, 
depositing a large amount of soot and giving 
out more smoke. Often these combustible 
gases thus drawn through the tubes, burst 
into flame when entering the chimney. 

There has been a sfcrenuous endeayer to 
raise these gases and suppress the smoke 
by the injection of steam or air, which is 
sometimes let in at the sides of the flre 
box, sometimes over the bed or by means 
of the door, in a continuous or in an inter- 
mittent way. We will not describe all of 
these advantages, partaking more or less of 
the character of smoke consumers, none of 
which have up to the present time been 
permanently successful. 

An excess of air is preferable, for the loss 
of heat which results is less than that which 
results from incomplete combustion. A 
smoke burner needs an excess of air but it is 
not necessarily economical. The combustion 
would not be perfect and it will always have 
more or less smoke. 
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Skilful firemen could obtain the same 
economy as the best furnaces. The conclu- 
sions upon this subject are taken from In- 
structions Upon the Means of Preventing 
Smoke, drawn up by the Hygienic Council 
of the Seine, and from which we make the 
following quotations: 

** The origin of smoke lies in the volatile 
products whicli are rapidly set free from 
most fuels; such as the difTerent varieties 
of coal, peat, and wood when they are con- 
stantly exposed to an elevated temperature. 
These products are for the most part hy- 
drocarbons which are themselves highly in- 
flammable, and in order that they may bum 
two conditions are necessary. First, they 
must be mixed with the proper amount of 
air. Second, these mixtures must be raised 
to a high temperature. If these two con- 
ditions are not realized in the fire-box it- 
self, or in the flues through which the gase- 
ous products are led, the hydrocarbon un- 
dergoes a decomposition which results in 
abundant deposit of soot or carbon in finely 
attenuated particles which are drawn by 
the current of gas through the orifices to 
the chimney. When we throw upon a grate 
which is not really covered with incandes- 
cent coke, a considerable quantity of coal 
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SO that it is coyered to a total depth from 
eight to nine inches in thickness, the fresh 
particles of coal which find themselves in 
contact with the coke, undergo a rapid dis- 
tillation; the temperature in the fire-box is 
suddenly lowered, at the same time the 
passage of air through the grates and the 
bed of fuels is obstructed. Neither of the 
two conditions necessary for the burning 
of the carborate of hydrogen are realized, 
thus we see torrents of black smoke coming 
out of the chimney. The introduction of 
air in such circumstances by way of the 
furnace door or by any other means open- 
ing directly over the coal, is without effect, 
because the temperature is insufficient to 
inflame the gaseous products. The smoke 
gradually decreases, and does so in pro- 
portion as the coal is converted into coke or 
the decomposed into the volatile parts, and 
as the air gains fr^er access through the 
fuel which has agglomerated into lumps, 
allowing larger intervals between the pieces, 
and as the temperature is again raised by 
the effects of the combustion. If before 
the distillation is completed, we stir up the 
mixture of coal and coke that is lying upon 
the grate, with a poker, we put portions of 
the coal which are not yet carbonized, in 
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ooDtactwith fragments ofooke that are 
very hot. The distillation then becomes 
very rapid and is accompanied by the re- 
appearance of smoke. 

** Furnaces whose grates are somewhat 
extended, so that the charges of fuel oDly 
cover them jfi part, and waere the bed can 
be kept thin, give out very little smoke, es- 
pecially if the coal is fired in small quanti- 
ties at a time and if the fireman takes the 
precaution to throw the coal on the front 
portion of the grate so that the gaseous 
products of distillation reach the flues in 
passing over the heated surface, which cov- 
ers the back portion of the grate and thus 
allows a sufficient amount of air to pass up 
through it. The production of smoke is 
considerably increased by having the grates 
of too small dimensions in proportion to 
the quantity of fuel, which is burned upon 
them in a given time, aiyi by a bad mani- 
pulation of the furnace on the part of the 
firemen, who do their work at too great in- 
tervals of time, or use too much fuel at one 
firing. It has also further increased, other 
influences being equal, when fuels contain- 
ing large proportions of volatile .gases are 
used, or to speak only of those which 
are the most oily and have the greatest ten- 
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dency to ooke, the dry ooals of a few de- 
partments of the North in the neighbor- 
hood of Gharleroi in Belgium give out on- 
ly a little smoke in furnaces which are toler- 
ably well oonstructed and have ordinary 
care and attendance. The coke gives none 
at all, but escapes through the chimneys of 
those furnaces which are fed with this fuel, 
as a colorless gas, taking a small quaLtity 
of ashes in an extremely attenuated condi- 
tion. Goal containing little hydrocarbon 
gives very little smoke and offers a great ad- 
vantage iu not bumiog spoutaneously when 
it is banked up in large quantities." 

When a piece of coal, the size of a man's 
fist, is thrown into the fire-box, it brightens 
slowly in burning; the center remains un- 
changed up to the time when its combus- 
tion takes place. Care must be taken that 
the fire is only raked over at infrequent in- 
tervals, since the coal does not burn easily 
when the mass is being continually broken 
up and drawn across the grate. 

The depth of coal upon the grate ought 
to be uniform and in proportion to the drafts 
and not less than four inches or more than 
six inches in depth. The fireman should 
arrange this matter by the flame, which 
should be white when the combustion is 
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good. A red flame indioates an incomplete 
combustion because of too great thickness 
of the fuel bed. A fire should be replen- 
ished by throwing the coal upon those parts 
which are burning most brilliantly. The 
large pieces ought to be broken up with a 
pick in the line of their cleavage in order 
that the pieces should not be crumbled; 
that is, small pieces should be thrown in a 
thin and uniform layer over the furnnce 
when it is in fall blast, and the fireman 
should avoid putting a too heavy bed upon 
the same places or where the fire is 
not burning brightly. When a plant has 
large grates, it is preferable to replenish 
the Are alternately upon esMsh half of the 
grate. The combustion which will thus be 
obtained is far better than firing over the 
whole surface at once. 

TESTS OF EVAPORATION. , 

The economic value of a plant as a whole, 
that is, the boiler and engine, results not 
only from the good utilization of the steam 
in the engine, but also from the evapora- 
tive power of the boiler. If, at the same 
time that the indicated or effective work is 
noted, the amount of water fed to the boil- 
er is also measured as well as the weight of 
the fuel that is burned, we will have a real 
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basis for estimaiiDg the yalne of the plan, 
by the water and fuel consumed. We will 
thus have the evaporative power of the 
boiler, that is, the quality of the steam 
produced per pound of fuel. 

The greatest evaporation per pound of 
fuel depends upon the quality of your fuel, 
the good proportions of the furnace and 
boiler, the condition under which they 
are kept, and last of all but by no means 
least, upon the ability of the fireman. 
Thus the results of evaporative tests can- 
not be compared with each other when they 
are made in the same fire box with differ- 
ent qualities of fuel or with the same fuel in 
different furnaces, even although they may 
be made in both cases by the same fireman. 
When tests are made for the reception of 
the plant and the nature of the fuel is spec- 
ified, the builder determines the figures 
which he can guarantee, from the calorific 
power of the fuel itself, and arranges his 
fnroaces to obtain the best combustion for 
it. On the other hand, when no fuel speci- 
fication is made, he will employ that fuel 
which will produce the highest rate of eva- 
poration. 

From the commercial point of view of 
the production of steam, the best combus- 



44 FUELS, BYAPOBATION 

tion is that which will produce per pound 
of fuel the highest rate of evaporation at 
the same price. We will suppose that two 
kinds of coal are to be tried in the same 
fire box and under the same conditions. 
Onb ton of coal costing $4, will evaporate 
say 13,000 lbs. of water, or 
13,000 

= 3,250 lbs. of steam per $1. 

4 

One ton of the other, costing $3.20, will 
evaporate 10,000 lbs. of water, or 
10,000 

= 3,125 lbs. of steam per $1. 

3.2 

With these figures the dearest coal there- 
fore is the most economical. If we are 
driving an engine of 100 H. P. consuming 
20 lbs. of steam per H. P. per hour and 
working 300 days at ten hours each during 
the year, the expense will be, with the 
$4 coal, 

300 XlOx 100x20 

=$1,846.15 

3,250 
With the coal at $3.20 

300x10x100x20 

=$1,920. 

3125 
The annual saving will therefore be 
$73.85. Furthermore we will have 92.3 
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tons less to store, or at the rate of 7.7 tons 
per month. We can readily see, then, 
what importance these calculations assume 
when large industries are taken into con- 
sideration. 

Tests of this kind have been made hy M. 
P. Dacos, an engineer at Bordeaux, with 
English coal in rep^ular usage, haying a 
boiler with 1,063 square feet of heating sur- 
face and 32 square feet of grate. The pres- 
sure of the steam was taken at five atmos- 
pheres absolute, or at an effectiye pressure 
of 59 lbs., with feed water estimated on a 
basis of 32° F. The hydrometrio conditions 
and the amount of ashes were determined 
in advance, but are not indicated by M. 
Ducos. 





Price. 


Evapo- 
ration 
per lb. 
of coal. 


Kind of coal. 


Per ton 

ready for 

use. 


Per 20 
lbs. of 


Compared 

with 
Cardiff. 


Cartllir 

Liverpool 

Newcastle.... 

Coke with 6 
per cent of 
water 


8.0 
2.6 
2.9 

2.8 


8.888 
4.876 
6.261 

6.259 


8.0 

2.86 

8.2 

2.2 


7.816 
5.832 
6.507 

5.824 



TESTS OF EVAPORATION. 

The Cardiff coal, although costing the 
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mo«t» WM therefore, in the case just oited, 
the most eoonomioal. 

The firm of Decker & Go. , of Oannstatt, 
(Wurtembnrg), has obtained the following 
resnlts under a battery of boilers with Ten- 
brink furnaces. 
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OONDUOnON OF THE TEST. 

A test ought to be as prolonged as possi- 
ble and to be made in the regular working 
of the plant, that is to say, some time after 
the fire has been started, in order that the 
loss of heat which occurs through the heat- 
ing of the mason work should be that of regu» 
lar practice. The test can be made without 
deranging the regular working conditions. 

At the beginning of each operation the 
grates and fire should be carefully cleaned 
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and then an estimate made of the ooal 
whioh is upon the grates; and it shonld be 
so arranged that there shonld be the same 
qnantity left at the end of the test. 

In general the total expense of the f ael is 
that which is burned during the t«st, pins 
that which remains npon the grate at the 
end, reduction having been made of that 
whioh was upon the grate at the beginning 
and of the coked portions which can be 
used from among the cinders. 

The gauging of the water may be made 
first, by taking the dimensions and number 
of strokes of the supplying feed-pnmp; se- 
cond, by a water meter; third, by automa- 
tic feeders which are also meters; and final- 
ly, by tilting gauges; this last alone should 
be employed for rigorous tests. 

Gare should be taken, as far as possible, 
that, at the end of the test, the water in the 
boiler should have the same level and the 
same steam pressure should exist as at the 
beginning. When this is not the case a 
correction shonld be made. 

Correction:— liis necessary to ascertain 
accurately the level of the water in the 
boiler at the beginning and the end, for 
indications of the gauge-glass are not exact. 
In fact, the water has a lower temperature 
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in the glass than in the boiler. It is there- 
fore more dense and its lerel is lower than 
in the latter. 

If we open the cook at the bottom of the 
tube for a moment, the water whicli refills 
the tube will then have the same tempera- 
ture and be at the same lerel as that of the 
boiler. It is neoessarj that this should be 
noted instantly, for the water is soon oooled 
and its level lowered. The differenoe in the 
levels h* Fig. 1, increases with the differ- 
ence in temperature between h and h!\ and 



FIG. 1. 



also with the length of the glass or of the 
level of h' above the lower oonnection. which 
IB an important matter when the lower tube 
is screwed far down in the boiler. 

If we take it for granted that the temper- 
ature of the water in a- tube stands at 104 de- 
grees, its oo-effioient of expansion will be 
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.000269, and we obtain the following ralnes 
for h* in inches, for the different tempera- 
tures per inch of height of water taken at 
the temperature of 32 degrees Fahr. ; h! =A 
—A' = .000259 (<~104). 
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Snppose then we have obserredthe exact 
level and the pressure before and after the 
test; the tables of Begnault which are ap- 
pended give the corresponding tempera- 
tures. 

(These tables will appear in a future 
number of this work. — Trans,) 

The correction consists of collecting the 
number of calorics contained in the boiler 
before and after the test. 

We calculate first the volume Y, reduced 
to a temperature of 32 degrees. For a cu- 
bic foot which appears in the boiler at the 
temperature t, we have the formula: — 
1 

V=: (< — 32) 

1 + 0.000259 

(This 82 is the constant number to bring 
the temperature as read upon a Fahren- 
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heit thermometer to the number of degrees 
above freezing. With the centigrade ther- 
mometer no snch reduction is necessary. 
Irans,) 

The volnmes are then indicated in the 
above table. 

We then oalcnhite the nnmber of contain- 
ed calorics: 1st, in the weight of water 
thus corrected; 2nd» the calorics in the me- 
tal, hj taking the calorific capacity of the 
iron, for temperatures ranging from 82® 
Fahr. to 400"* Fahr. as equal to .115 (Du- 
ong and Petit.) 

We can then neglect the variation of heat 
contained in the steam itself as resulting 
from the effects of expansion. 

Knowing the number of calorics gained or 
lost by the boiler, we deduct the equivalent 
weight of fuel according to the mean 
amount of heat that has been utilized, at 
from 7,000 to 9,000 heat units per pound 
of coal. For example: In a boiler of 48 
inches diameter and 50 feet long, we have 
ascertained after the trial that the water 
has lowered in its level four-tenths of an 
inch, and that the pressure has fallen from 
four to six atmospheres. The feed water 
being taken at 59^ From the size of this 
boiler we have 
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4728 sraL 


6 at. 


819 


247 


After " " 


4258 " 


4 at. 


291 


S19 



The oorreoted volume at 32° Fahr. and 
the amonntof heat will be: 

Before: 4728 x .947 = 4477.416 gals, as 
theyolmne at 32"* Fahr. Multiply by 8.33 
as the weight of one gallon of water, we 
have4477.416 X 8.33 = 37,296.976 lbs. ; mnl- 
tiplying again by 247, 

37,296.975 X 247 = 9,212,362.5 heat 
units. 

Then after the test, following the same 
role, 

4253 X .954 = 4057.362 whioh X 8.33 = 
33,797.825, and this X 219 = 7,401,723.7. 

Then having 9,212,852.5, subtract 7,401,- 
723.7, leaving 1.810,^28.8 heat units. 

The boiler weighing 33,000 lbs. has lost 
33,000X.115 (319--291):=106,260 heat units. 

The total loss of heat is equal to 
1,810,628.8 
106,260 



1,916,888.8 heat units, 
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which represeiits at least 
1,916,888.8 

=273.84 IbB. of coaL 

7000 





Water 
In IDs. 


Goal 
In IbB. 


Oonaamed dortng the test 
Consumed after reouncatlon 




2,7Ba 

S78.84 


Aoliial oonsumptlon 


19,889 


8.<tt8il4 



(The 3,499 lbs. is the difference in the 

weight of water before and after the teat.) 

The real eyaporatire efficiency per pound 



of ooal is then 



19,339 



= 6.4 lbs. of water. 



3023.84 

If the level of the water had been raised 
instead of lowered, the loss after rectifica- 
tion wonld have been taken from those 
that had been indicated dnring the test. 
A test made during the regnlar working of 
the plant will give an evaporatiTe figure 
somewhat exaggerated, if the engine causes 
the boiler to prime, as frequently happens. 
There is no particular method of ascertain- 
ing the amount of water drawn off under 
these circumstances. It is shown in an- 
other portion of the work that the oal- 
orimetrio system can be applied to this 
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oaae. (This test inll appear in another 
Tolmne of this work. Trans.) 

Dry steam is colorless, and if we open a 
cook, the jet of steam will be inyisible as it 
eomes out, until it contains more than 
three to four per oent of water. As the jet 
leaves the cook, it assumes a cloudy appear- 
ance in consequence of the condensation of 
the steam. If, on the other hand, the 
steam contains a large percentage of 
water, it presents this cloudy appearance 
from the very start. When the tests are 
made while the plant is out of use, priming 
can be ayoided by proceeding as follows: 
We run the engine yery slowly under a 
light load, but rapidly enough and with 
sufficient regularity to require a regular 
supply of steam from the boiler, 
yet haying it as light as possible. The sur- 
plus of steam furnished by the boiler is lost 
in the atmosphere by means of the saf ety- 
yalves. The water and fuel are measured 
as we haye already indicated. 

We haye not spoken of the fuel that is 
burned while we are getting up steam. Its 
importance diminishes as the duration of 
the testis lengthened out Neyertheless, it 
is necessary to take an account of it, if we 
compare the boilers of different systems; 
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for inBtance a boiler holding a large yolnxne 
of water, with one holding a small yolnme. 
The first will require uiK>n the first day a 
considerable qnantity of fnel in order to 
get up the pressnre; bnt afterwards it wiU 
require very little on acoount of the heat 
whiohis stored up in its mass. The second 
apparatus, on the other hand, will require 
almost the same quantity each day. The 
comparison will only be correct then, if we 
take into account the whole amount of fuel 
that has been burned upon each day, and 
during the whole progress of the test 

We have said that we can measure the 
water fed into the boiler by meaos of a 
meter. This meter can serve to control the 
manipulations of the boiler, just as a total- 
izing indicator controls the manipulations 
of the engine. In fact, in comparing the 
indications of the meter with those of the 
totalizer, and also with the fuel which is 
burned each day, we can make a correct 
statement of the amount of evaporation 
which has been performed, and of the im- 
portance which should be attached to 
primiug, and also the amount of incrusta- 
tion, if we continue our tests for a long 
enough time. This will be the best method 
of ascertaining the skill of the firemen. 
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THE OONTBOIi OP COMBUSTION. 

The Or sat Apparatus, — Perfect oombns- 
tion only takes plaoe in the furnace and 
flues when the carbonic acid gas that has 




FIG 2 

been formed has the same volume as the air 
which furnished the oxygen, plus that of 
the nitrogen. But, in reality, there is 
always a certain amount of carbonic oxide, 
wl^ose volume is twic^ that of the air form- 
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ed, plus the oxygen taken from the air and 
not burned. 

The Orsat apparattiB is only another 
and modified form of the endiometer 
of Begnault and Sohloesing, which has 
been so perfected by its maker, Salleron, 
that it permits those three gases, oxy- 
gen, carbonic oxide and carbonic acid, 
to be rapidly measured, and to deduce 
therefrom the amount of each (O, 00 and 
CO*) by eliminating the amount of nitro- 
gen; and consequently to learn what vol- 
ume of air corresponds to one cubic foot of 
the gaseous mixture. 

The apparatus is composed first of an 
aspirator of the gas (Fig. 2J, O and Jtf, 
serving to measure its volume at the begin- 
ning of the experiment, and after its ab- 
sorption by each reacting agent; second, 
a series of three retorts {At B, Ci)m which 
the absorption of each gas is successively 
effected by means of a suitable re-agent; 
third, a bellows S which has for its object 
the clearing of the conduit that puts the 
apparatus in communication with the res- 
ervoir of the gas that is to be analyzed. 

(7 is a flask containing acidulated water; 
acidulated by hydro-chlorio acid, which 
takes away from it the property of dissolv- 
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ing oarbonio gaa. This flask oommuni- 
oateB bj means of a mbber tube L with the 
lower part of the graduated tube M^ which 
is called the measurer, and is itself enclos- 
ed in a glass casing filled with water in 
order that the measurements may all be 
taken at the same temperature. The upper 
end of the measure is connected with the 
horizontal tube T T, which is made of glass 
having the yalve B, as well as the three 
vertical tubes which are furnished with 
the cocks «, j\ k. These small tubes are 
connected in turn by means of rubber 
tubes attached to the upper extremities of 
the glass necks of the retorts A, B, C; while 
the lower necks are run down into a liquid 
contained in the flasks JD, B, F, The joints 
of the different connections of the appara- 
tus are hermetically sealed by means of 
wax and a fine brass wire. The openings, 
d, e, f, of the flasks are closed by rubber 
stoppers. 

The apparatus is put into connection 
with the reservoir containing the gas to be 
analyzed by means of the rubber tube V 
which is attached to the end of the glass 
tube T, Finally a bellows S is attached to 
the outside of the casing and communicates 
with the glass tube through the cock r, 
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thus permitting it to extract the air from 
theoondnit V. 

In order to make the tests which we are 
to undertake, it is necessary to know the 
proportions of carbonic acid, carbonic 
oxide and oxygen which are contained in 
the gas. The re-agents are first, soda lye as 
absorbent of carbonic acid; second, a solu- 
tion of pyro-gallate of potash as the ab- 
sorbent of the oxygen; and third, an am- 
moniaoal solution of the proto-chloride of 
copper to separate the carbonic oxide. The 
retorts A and B contain a large number 
of glass tubes which are wet with the solu- 
tion in order to multiply the amount of 
surface which the re-agents can bring in 
Goatact with the gas, and thus hasten the 
absorption. 

C contains a quantity of red copper foil 
which, by being dissolved in the hydro- 
chlorate of ammonia, produces the proto- 
chloride of copper, and the production of 
the re-agent. The pyrogallate of potash 
and the ammoniacal chloride of copper be- 
ing absorbents of oxygen, it is necessary 
that care should be taken that the contents 
of the flasks ^and /^do not come in con- 
tact with the air. For this purpose we 
cover the liquid with a film of petroleum 
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oil about a twentieth of an inch in thick- 
ness. But it is necessary to take care in 
the manipulation that it does not pass into 
the retorts where the absorption takes 
place. 

We now proceed to methods of the analy- 
sis itself. The cock R is opened in such a 
way as to put the apparatus in communica- 
tion with the atmosphere. An aspirator E 
is raised up; the acidulated water then runs 
down and fills the measurer completely, 
driving out the air which formerly was con- 
tained therein. We then close the cocks i 
and J and open the cock k^ and take out 
the stopper/. In letting down the flask 
G we produce an inhalation of the air con- 
tained in the retort C, which is then filled 
with the liquid which was contained in the 
flask F, We raise the level of the liquid 
up to the mark which is cut upon the tube 
that runs from the top of the retort, then 
close the cock k. We then open the cock 
B, and raising the aspirator, we fill the 
measurer with water once again; then clos- 
ing i^, we open./, take out the stopper e 
and draw up into the retort B the liquid 
contained in the flask E. BepeatiDg this 
same movement a third time, we cause the 
li(}uid that is contained in the flask JD to 
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flow up into the retort A, We now open 
the oock JR again, and then raise the aspira- 
tor in snch a manner as to fill the measurer 
up to the upper mark indicating the zero 
point of the graduation. We close the 
cock R and then establish by means of the 
tube N, as shown in the engraying, the 
communication of the apparatus containing 
the gas that is to be analyzed. We open 
the cook r and operate the bellows, blow- 
ing into the tube F until it is freedfrom the 
air and gas which is left from the preceding 
operation. After a few moments, when we 
are certain that the conduit V is entirely 
filled with the gas which we are to analyze^ 
then close the cock r and open the cock JR^ 
in 8U 3h a way as to put the tubes T and V 
into communication, and to isolate the bel- 
lows. The water flows into the aspirator 
UQtil the measuring tube is full of gas, and 
when it is at the same level in both, we dose 
the cock i? so as to separate the apparatus 
from the conduit and the bellows. Then, 
we examine to see that the gas, which we 
are going to analyze, occupies just one hun- 
dredth part of the graduated tube M. We 
open the cock i and close the flask 0\ the 
water drives the gas into the retort A which 
contains the soda lye, the nest of glass 
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tubes multiplying the surf aoes of contact, 
and the carbonic acid is absorbed; we 
lower the aspirator and the gas again fills 
the measurer, and the retort A is filled 
with the lye; we force it up until it reaches 
the mark put upon the glass, and then 
dose the cock L We place the flask O in 
such a manner that the water which it con- 
tains will be upon the same level as that of 
the measurer, in order that the gas which 
is there contained may be subjected to at- 
mospheric pressure alone. We then read 
the volume occupied and the difference be- 
tween the reading made before the absorp- 
tion, and that which is made afterwards, 
gives the volume of carbonic acid gas which 
has been retained by the soda. 

We open the cock j, and, operating in 
precisely the same manner with the retort 
Bf which contains the solution of pyro-gal- 
late of potash, we ascertain the volume of 
oxygen absorbed. Finally we repeat the 
same manipulation with the retort C, ^hich 
was filled with a solution of the ammoniacal 
proto-chloride of copper^ and obtain in the 
same manner the volume of carbonic oxide. 

If, after these three absorptions, any gas 
remains, its volume represents the nitrogen 
which can not be absorbed by any of the 
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re-agents which we have been nsing. In 
order that the absorption may be complete, 
it is absolutely necessary to wash the gas 
several times in eaoh retort. We do not 
proceed from one washing to another until 
two consecutive readings areidentioaL 

The absorption of the carbonic acid is 
more rapid as the concentration of the lye 
is greater. It is necessary then to replen- 
ish the liquid in the flask, and when the re- 
action becomes too slow, that is to say, 
when the greater part of the alkali has been 
transformed into a carbonate. The solu- 
tion of the potash has the same concentra- 
tion as that of the soda. It is best to add 
the pyro-gallate acid just at the time when 
the experiment is to be made, and in pro- 
portion to the quantity and volume of the 
oxygen which we anticipate it will be ne- 
cessary to absorb. 

The ammoniacal proto-chlorideof copper 
is obtained by the dissolving of the copper 
foil in a liquid formed by two-thirds of a 
solution of hydro-chlorate of ammonia and 
jene-third of ordinary ammonia at a temper- 
ature of 72 degrees. 

The proto-chloride of copper has the 
property of absorbing oxygen also. In or- 
der that the last reaction indicated may 
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Azaotly represent the oarbonio aoid, it is 
necessary then that no oxygen should re- 
main unabsorbed by the pyro-gallate of 
potash. The production of the proto-chlor- 
ide of oopper is somewhat slow. It is some- 
times advantageous to replace this product 
by proto-chlorio acid, which also has the 
property of absorbing carbonic oxide. We 
find this in the form of a crystalized salt 
upon the market, but is partially altered 
by contact with the air. We therefore put 
it into the flask i^, where we dissolve it 
in hydro-chloric acid, and in order to bring 
it into the proto-chloride state, we add a 
few pieces of copper turnings. The liquid, 
which is at first brown, becomes discolor- 
ed. We keep it under a film of petroleum, 
as we have already indicated above. 

If We are working with one hundred vol- 
umes of gas, and if 

X = the volume of nitrogen, 

y = the oxygen and carbonic acid gas, 

z = the carbonic oxide, 
we will have 

x + y+z = 100; 
X 79 

and = 

z 21 

2 
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Replacing y by its value taken from the 
first equation, we have 
z 
100 a: = 7,900 — 79 — 
2 
from whioh z may be obtained when x has 
been found by analysis. 

(The End.) 
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